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Apparatus And Method for Securing Tissue

BACKGROUND OF THE INVENTION

Field of the Invention

This mvention relates to surgery and more particularly fo an apparatus and method for
securing fissue comprising a novel screw anchor and rotational driver for securing a suture to a

surgical button, a pledget or a capture.

Bescrnnbon of the Related An

I recent vears the use of caplures have found increased use in the surgical art. Typically,
a capiure 18 used in association with a suture for securning an end of the suture without the need for
tving a knot in the suture. The use of a capture has several advantages ovar the traditional tving of
a suture. Firstly, a capture will secure a suture faster than {tving a traditional knot. Secondly, a
capture will generally vield more consistent holding strength relative to a traditional knot. Thardly,
a capture can be used m arthroscopic surgery where space linmtation makes knot tving difficult for
A SUERROD,

The following prior art are examples of the developrent of captures and the ke, including
anchors, losteners screws for the surgical art. These prior ant examples mav be used in vanious
tvpes of surgery nclading medical, veterinary and dental iroplants.

United States Patent 4,898,156 1 Gatturmna, of al. discloses a suture anchor for anchoring
one end of g conventional sutwre to bone comprising a couphing member, with at least one barh
made of a resthent elastic material projecting from said coupling member, and struchure for use in
attaching one end of a suture to said suture anchor. The coupling member and the at least one barb
are adapted to securely anchor one end of the soture m bone when the sature 15 attached to the
attachment structure, so that the other end of the suture extending outside the bone can be used to
attach objects fo the bone. A novel application tool ts also provided.

United States Patent 5,733.307 to Disdale discloses a bone anchor with g sutwre frough
for attaching bone to tissue using a suture. The bone anchor includes 4 threaded bone anchor body
having & maor dineter, a minor diameter, a tip, and a dnve bead. A suiure trough 1 formed
withun the anchor body with a width greater than or equal to the diameter of the suture and a depth
below the minor diameter greater than or equal to the diameter of the suture. A suture passageway

connects the opposing portions of the suture trough.  The suture seats within the suture trough
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during insertion of the bone anchor into the bone.

United States Patent 5,370,661 1o Branch discloses a method for attaching tissug 10 a bone,
which includes the use of a filament member and a head member which engages the filament
member and holds a tissue in place. Also provided is a device and method for repairing a bveak in
tissue, which indicates the vse of a flament member and at least one member which engages the
fitament member.

United States Patent 3,413,385 to Pagedas discloses a self locking suture loek having a
first soture thread opening in winch the thread is secured before the surgical stitch and a cone
shaped second stitch lock opening that i3 larger at the front side than at the back side, and designed
to receive suture thread in only one direction, thereby locking it against withdrawal after the stitch
to complete and lock it without the need for a surgical koot A fongue in the second opeming wall
allow passage through the cone shaped second opening from front side to back side but not allow
passage from back to side to front side or pulling out of second opening once threaded The front
side of the self focking suturg mav be distinctively colored so that a surgeon will know which side
of the suture lock will accept the suture thread The first opening may fake the form of a
deformable siot, a pair of openings, or other forms. The tongue may engage the edge of the second
apening, a slot, or other unidirectional lock structures.

United States Patent 3,584,835 to Greenfield discloses a two-part device for sutunng soft
tissue to bone. The device emplovs a bone anchor which is installed m the bone and 2 sutwre
anchor which is coupled 1o the soft fissue and then engaged with the bone anchor. The engagement
of the suture anchor with the bone anchor is readily reversible so as to permit adjusiments in the
placement of the sutures. In the practice of the nvention, no step is ireversible except the dualling
of the bone hole that accepts the bone anchor. A special tool 13 desenbed for faobitating the
installation of a bone anchor having a round infernal cross-section. The suture snchor can be
mistalled with the application of only divect pressure, and can be disengaged by counterclockwise
rotation, with the use of a disengagement tool, such as a screw driver. Sutures ave threaded through
aperfures 1 the subure anchor, and the engagement of the sutures is enhanced by a fnction it
between the sutere and bone anchors,

United States Patent 5,938,686 to Benderey, et al. discloses a bone anchor implantation
device positioned over a bone, and a bone anchor installed i a bone.

United States Patent 3,948,000 to Larsen, et al. discloses a svstem for suture anchor
placement mcluding an apparatus having 8 handle portion and an operating portion. The handle

portion includes a spring, a needle park, and a member for releasably holding a length of the
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suture. The operating portion includes a sheath tube and a plunger rod stidably disposed within the
bore of the sheath tube. The plunger rod 13 fixedly mounted at its proximat end 1o the handle. The
suture anchor is releasably engaged 1o the distal end portion of the plunger rod. The sheath tube is
mounted to the bandle and movable with respect to the handle between a distal posiion and a
prosimal position, the sheath tube being resiliently biased to the distal position by the spring and
movable to the proximal position in response to proxtmally directed force of safficient magnitude
applied to the distal end of the sheath tube. The sheath tube has a portion with ary outer diameter
greater than the diameter of the hole in the bone such that when the nstallation tool is pressed
imward the bone, the sheath tube retracts into the handle and the suture anchor is advanced inlo a
hole previously made in the bone. The suture, inittally held in a taut configuration, is released in
response to movement of the sheath tube to its proximal position.

United Sigies Patent 6.013.083 to Bennatt discloses tomn tissue such as a rotator culf
positioned on the bone exterior by a tissue grasper. A cammula s inserted through the skin
substantially to the tom tssue. A doll guide 15 inserted into the canoula, a doll bit s inserfed o
the drill guide, and a hole 1s dnlled through the tom ussue and completely through the bone. The
dnill it 15 removed and an imer canmuda 1s passed through the drill guide watit its distal end s
engaged on the tom tissue or glternatively passed through the hole unnl us distal end 15 at the far
end of the drlled hole. A soft tissue anchor having expandable wings at #s distal end and sutares
secured o an evelet at #Hs proximal end 13 releasablv connected to the distal end of a tubular
deploviment tool with the free ends of the sutwes extending through the deplovment tool. The
deplovment tool is passed through the mner cannula and drifled hole until the expandable wings
clear the far end of the hole a sufficient distance to allow the wings o expand to a diameter larger
fhan the dimmeter of the drilled hole. The deplovment tool, nner canmda, dult ginde, and canmula
are removed and tension is applied to the suture o engage the expanded wings of the anchor on
the exterior surface of the bone surrounding the drilled hole. A button is run down on the Qutares
fhrough the cannula and secured on the tom tissue by fhe swiures such that the tom tissue
secured to the bone and the sutures are anchored fo the hard exterior surface of the bone by the
expanded anchor.

United States Patent 6015410 to Tormala, et al. discloses a bioabsorbable surgical
mmplant for use in sapporiing soft tissee in a superior position m the bodv. The surgical implant
tncludes a shaft that connects the implant to a bone or hard tissee and a head secured 10 the shaft.
The bead of the implant bas a concave fower surlace so that a suture {or sutures) can sasily be

wound around the shaft below the head and locked to this position by tightening the head against
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bone or hard tissue and by pushing or lurning the shaft into the bone or hard tissue. The connected
shaft and head are fonmed from g resorbable polvmer, copolymer, polvmer alloy or composite,
which mamntaing a specified strength for a peried of ime at least equal to a healing penod for the
patient. Thereafter, the surgical Implant i substantially resorbed by the body over a period of time
needed for hemling, The surgical implant 1s particolarly adapted for use in endoscopic face andfor
brow lift surgery and other endoscopic cosmetic, plastie and reconstructive surgicsl procedures,
where sufures are apphied for tissue hifting.

United States Patent 6,117,162 to Schmieding, et al. discloses 8 corkscrew suture anchor
having a continuous thread spiralling around a tapeting central core. At the disial end, the sutwre
anchor ferminates i a rounded point. At the proxtmal end of the suture anchor is an eyve for
receiving suture. The suture anchor has a large thread surface per twn of thread. Anti-backout
ridges can be formed on the front and/or back faces of the threads. A daver for the sutuwe anchor is
provided. the drnver including a shaft having a central axis, a length, a distal end, and a prosimal
end. The shaft 1z provided al ils distal end with an opening aligned with the central axs of the
shaft, for receiving the hexagonal proximal end of the sutare anchor. One or more sutures threaded
through the suture eve are threaded through the hollow tubular shaft. The suture is pulled into and
captured by V-shaped notches on the proximal end of the handle to hold the suture anchor in place
on the distal end of the driver under the tension of the captured sutures.

United Sigies Patent 6,206,886 to Bennatt discloses tomn tissue such as a rotator culf
positioned on the bone exterior by a tissue grasper. A cannula is inserted through the skin
substantially to the tom tssue. A drill gaide 15 inserted into the canmuda, a dridl bit 13 inserted mto
the drill guide, and a hole 1s drilled through the tom tissue and completely through the bone. The
drill tat 15 removed and an inoer cannula 1s passed through the doill guide watid 1ts distal end s

angh

eagced o the tom tissue or ahernatively passed through the hole unil s distal end 15 at the far
end of the drilled hole. A soft tissue anchor having expandable wings at #s distal end and sutures
secured to an evelet af us proxinial end i3 releasably connected to the distal end of a tubular
deplovment tool with the free ends of the sutures extending through the deplovment tool. The
deployment tool is passed through the inner cannula and drilled hole wntil the expandable wings
clear the far end of the hole a sufficient distance to allow the wings o expand to a dimmeter larger
than the diameter of the drilled hole. The deplovment tool, inner canmuda, deill guide, and cannala
are renmoved and tenston is apphiad to the suire to engage the expanded wings of the anchor on
the extenior surface of the bone surrounding the drilled hole. A butfon 1 run down on the sutures

through the cannula and secured on the torn tissue by fhe sutures such that the tom tissue 13
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secured to the bone and the sutures are anchored 1o the hard extenor surface of the bone by the
expanded anchor.

Umited States Patent 6,214,031 to Schmieding, et al. discloses a corkserew suture anchor
having a contimuous thread spivalling around a tapering central core. At the distal end, the suture
anchor ferminates in a rounded point. At the proximal end of the suture anchor is an eve for
receiving suture. The suture snchor has a large thread swrface per tom of thread. Anti-backout
ridges can be formed on the front and/or back faces of the threads. A driver for the suture anchor is
provided, the driver inchuding a shaft having a central axis, a length, a distal end. and a proximal
erxt. The shafl 1s provided at its distal end with an opening aligned with the ceniral axis of the
shaft, for receiving the hexagonal proximal end of the suture anchor. One or more sutures threaded
through the sutare eve are threaded through the hollow tulndar shafl. The suture is pulled into and
captured by V-shaped notchies oun the proximatl end of the handle to hold the suture anchor i place
on the distal end of the dnver under the tension of the captured sutures.

United States Patent 6,293 961 to Schwartz, et &l discloses a device for locking a suture in
place without the need for tying knots once the suture 15 placed within tissue. The device
comprises an anchor having a front section and a rear section, a cannuda extending through the
front and rear sections through which the suture extends, and a bead positioned adjacent an end of
the suture for ocking the suture within the cannala

United States Patent 6,491,714 to Beonetf discloses a siwgical apparatus for anchoring and
reattachment of torn tissue such as a rotator cufl agmnst on the ouater or exterior surface of a issue
substrate. The mvention includes a fissue substrate anchor such as that having expandable wings,
an elongated suture member securable at is proximal end 10 the tissue substrate anchor, and 2 tom
tissue redaingr lockingly attachable atong the length of the sutura member by mating mterlocking
structure therebetween. Tension is applied to the free distal end of the suture member while the
fssue retainer s non~reversibly moved fongitudinally along on the sature member to secare the
tomn fissue against the tssue substrate owter surface. A separate tom tissye gripping rmember may
also be provided for broadened and enhanced tom tissue securement against the tissue substrate. In
another embodiment, the tissee anchor is formed as a umt with the sotwre member enabling
additional forms of tissue repair such as the closure of an internal memscus tear or separation.

United States Patent 6.533.802 to Bojarshi, et al. discloses a method of securing a tissue
zraft withm a bone passage meluding providing a praft fixation member comprising a closed-loop
having a pair of opposing toop sections and captonng a lirst loop section of the closed-loop within

the hixation member. An opposing second loop section of the closed loop 18 passed through an
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opering in the tissue grafl, and the second loop section of the closed loop is secured {0 the fixation
member,

United States Patent 7.303.577 to Dean discloses a method, svstem and apparatus for
augmenting the surgical repair of soft tissue injuries, i which a fizst end of a bridge member
attaches to a first portion of healthy tissue, and & second end of the bridge member attaches to a
second portion of healthy tissue. The bridge member (or bridge members} used to augment the sofl
fssue repair mav be intercotnected or finction independently. Flexibilitv and elasticity of the
bridge member are determined by the situation and may be altered to improve healing. The device
may bhe usad in arthroscopic procedurss, and mav be mamfactired i a vagety of lengths, or may
he manufactured one length and be cut to the desired length, or otherwise aliered to provide an
optimal length of the bridge member,

United States Patent 7,530,990 1o Perrielic, of al. discloses a method of secunmg a tissue
grafl within & bone passage inchuding providing a graft fixation member compnsing a closed
double-toop baving a pair of ditferently sized loop sections and capturing both sections of the
closed~loop within the fixation member. The longer loop section is passed through an opening in
the fissue gralt then 1y passed through the smaller loop and thrown over the fxation member to
form a knot,

United States Patent 7,585,311 1o Green, ot al. discloses a method and device for securing
soft fissue 10 a ngid material such as bone. A bone anchor is described that comprises abase and a
{op such that seture material mav be compressed between surfaces on the base and {op to secure
the suture to the anchor. Also described is an inserter that can be used o msert the bone anchor
utto bone and move the anchor top relative to the anchor base o clamp suture material there
betwean. Also describad 1s a sofi-tissue and bone piercing anchor and associated serier. Methods
are described that allow vse of the bone anchors to provide mubiiple lengths of suture matenial o
compress a large area of soft tissue against bone.

United States Patent 7.615,061 to White, of al. discloses a suture-loading system, nethod
and apparatus for loading a suture onto a bone anchor. The system comprising: @ bone anchor
comprizing a suture leg-anchoring stractare and a plurahity of body holes on the anchor; a suture
conprising a standing end portion and a working end portion: a standing end trackway to guide
the standing end portion of the sutore through the suture leg-anchonng structure; and a working
end trackway 1o guede the working end portion of the suture hrough the body holes in the schor,

Linited States Patent 7.637.926 {o Foerster, et al. discloses an imnovative bons anchor and

method for securing soft tissue, such as tendons, to bong, which pernit a suture aftachment that
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Hes entirely beneath the cortical bone sarface. Advantageously, the suturing material between the
soft tissue and the bone anchor 18 secured without the need for tving a knot. The suture attaclnent
to the bone anchor imvolves the looping of a length of suture around a pulley within the bone
anchor, tightening the sulure and attached soft tissue, and clamping the suture within the bone
anchor. The bone anchor mav be a tubular body having a tumen containing a plurality of suture-
tocking elements that clamp the sature therein. The locking elements may be thin and C-shaped.
One or more locking plugs attached o separable actuation rods displace axially within the humen
and act on the locking elerents to displace them radiallv. A generally uniform passage through the
Incking elenents i their first positions converis to a smaller irregular passage after the locking
plug displaces the elements 1o their second positions. thus effectively clamping the suture. The
bone anchor further may include locking stracture for securing iself within a bone cavity,

United States Patent 7,638,730 1o Li discloses a sutwre anchoring svstem and method
mchuding a pluralitv of anchor members mtercomected to form an anchor assembly with a suture
extending therefromy. The anchor assembly bas an insertion configuration whersin the anchor
members are aligned in a substantially hnear arrangement for delivery through an aperture
bodily tissue and an expanded configuration wherein the anchor membars are transiioned to a
non-linear arrangernent (o prevent passage of the anchor assembly back through the apenture.

Linited States Patent 7.658.751 io Stong, et al. discloses a sufure construction and method
for forming a suture construction. The construction ufilizes 3 suture having an enlarged central
bady portion defining a longitudinal passage. First and second ends of the suture are passed
through first and second apertures associated with the longitudinal passage to form a pair of loops.
Portions of the suture lay parallel to each other withmn the suture. Apphcation of tenston onto the
sudre construction causes consinction of the longiudinal passage, thus preventing relalive
niotions of the captured portions of the suture,

United States Patent 7,662,157 B2 to Abmad discloses a bone anchor mclhuding a screw
portion configured 10 penatraie a bone, The screw portion includes a retention fiwead extending at
feast part of a length of the screw portion and a tp at a first end of the screw portion.  The bone
anchor ncludes a protrusion adjacent a second end of the screw portion. The second end is
opposite the first end of the screw portion. The protruston comprises a plurality of external sides
forming a shape and a rounded mterior surface enclosing a protrosion recess. The rounded intenor
surface includes a recess thread configured to retam a component af feast partially in the protrasion
recess. The profrusion has a maximum width that s less than a maxioum diameter of the sorew

portion such that a shoulder 1s formed where the protrusion meets the second end of the screw
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United States Patent 7.674.274 to Forester, et al discloses a bone anchor device for
attaching connective tissue 1o bone comprising a disk adapted for insertion into a portion of bone
to which the connective Gissug is 10 be attached. The disk 18 movable between a bent ortentation for
presenting a smaller cross-section and an expanded orientation for presenting a larger cross-
section. The bent erentation is wtilized for nserting the disk through a small hole into a region of
cancellous bone beneath the cortical bone laver, afler which the disk is actuated to its expanded
orentation so that it will be permanently anchored in the cancellous bone, as it will be too large to
return proxumally through the hole in the costical bone laver. Two smbodinents are disclosed Ina
first embodiment, the disk 1 inttially formed in the expanded orientation, of spring steel. In a
second embodiment, the disk 1s mitially formed in the bent ontentation, and spring steel iz not
requirad.

United States Patent 7.686.838 1o Waoll) et al. discloses a surgical anchor device for the
repatr of 8 tomn ligament or tendeon, primarily the anterior cruciate ligament i the knee. The device
15 used to affix the ligament within a femoral bone funnel m the distal portion of the femur from
the intra-articular surface. The device provides a pulley for a suture, wherein a free end of the
suture may be pulled away from the device to draw the suture attached to the ligament grafl within
the femoral bone tunnel securing the ligament grall within the bone tumnel. Installation of the
device is provided by insertion of the device through a tibial hole, through the femoral tunnel out
of the lateral femoral cortex, pulling the aitached sutures simultaneously to flatten the device
agamst the lateral fermoral cortex, atfaching one end of the sature to the higament grafl and pulting
the other end of the suture until the grali 1s sttuated properly within the femoral bone wanel and
fving the free end of the suture to relain the graft within the fomoral bone tunnel.

Umited States Patent 7,695 4% 1o Foerster discloses a device for atinching comnective
tissue (o bone. The device has a longihudinal axis and comprises an annolar togele member and a
bodyv member disposad distally of the oggle member, such that there is an avial space between the

{oggle member and the body member. The toggle member s movable between an undeploved
postiion wherein the togele member bas a smaller profile in a divection transverse to the axis and a
deploved position wherem the toggle member has a larger profile in the direction ransverse to the
axis. When mstalled in a desired procedural site, in suitable bone, suturmg material extends axsally
through a center aperture in the annular toggle mentber, without being secured 10 or contacting the

toggle member. This approach permits a suture attachnent winch hes entirely beneath the cortical

bone swiace, and which further permit the attachiment of siture to the bone anchor without the



i

10

WO 2014/164605 PCT/US2014/022973

necessity for tyving knots, which i particalarly arduous and technically demanding in the case of
arthroscopic procedures.

Umnited States Patent 7,713,285 to Stone, o al. discloses a suture snchor for anchoring a
suture in the selected portion of an angtomical portion for fixing a sulure thereto, The suture
anchor includes an anatomical engaging portion and a suture engaging portion wherein both the
anatomical engaging portion and a suture engaging portion are adapted to be substantally
disposed below an exterior of the anatomical portion after implantation. Suture evelets are
provided in the suture engaging section and a suture passage 1s formed 1o interconnect the evelets
iy altow a suture 10 be easily threaded in the suture engaging section from the [irst evelsl to the
second evelet.

United States Patent Application 2002/0004668 fo Bartlett discloses a sufwve anchor
comprising a generally guadnlaterally shaped body having a bore-agbutiing surface with a leading
gnpping edge at one end of the bore-abutting swrface, a trabing gripping edge at the other end, and
a closing surface having an arcuate portion and a linear portion engaging the leading and tratling
grippmg edges, respectively, penerally opposite the bore-abutiing surface. The body further
defines a suture bore extending transversely thersthwough and an inserter bove adapted {o receive
an msertion tool. A suture engages the suture anchor throngh the bore and is adapted o engage
bodily tissue to be secured to the bone. Also provided are a knotless suture anchor configaration,
an associated insertion tool, and a suture anchor kit, as well as a method of implanting a sutwre
anchor i a bore in a bone.

United States Patent Application 2002/000466Y fo Bartlett discloses a sufwre anchor
conprising a generally quadriaterally shaped body having a bore-abutting surface with a leading
eripping edge at one end of the bore-abatting surface, a trathing gripping edye at the other end, and
a cloging surface having an arcuate portion and a Haesr portion engaging the leading and trailing
gripping edges, respectively, generally opposite the bore-abutting surface. The body further
defings a suture bore extending transversely therethrough and an inserter bore adapted (o recetve
an msertion tool. A suture engages the suture anchor throogh the bore and 15 adapted o engage
bodily tissue to be secured to the bone. Also provided are a knotless suture anchor configaration,
an associated insertion tool, and a suture anchor kit as well as a methed of implanting a suture
anchor i a bore in a bone.

United States Patent Application 2002/0007196 to Bartlett discloses a sufwre anchor
comprising a generally quadrifaterally shaped body having a bore-abutting swfbce with a leading

gripping edge at one end of the bore-abutting surface, a trailing gnipping edye at the other end, and
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a closing surface having an arcuate portion and a hnear portion engaging the leading and trafling
gripping edges, respectively, generally opposite the bore-abutting surface. The body further
defines a suture bore extending transversely therettwough and an mserter bore adapted to receive
an msariion tool, A subure engages the sulure anchor through the bore and is adapied to engage
bodily tissue o be secured to the bone. Alse provided are a knotless sutore anchor configuration,
an associated insertion tool, and a suture anchor ki, as well as a method of implanting a suture
anchor i a bore in a bone.

United States Patent Application 20060038844 1o White, et al. discloses an ntemal tissoe
punclure closwwe method and apparatus providing a locking device for compressing ard holding an
external component such as a collagen sponge at a punctore situs. The locking device facilitates
compression of the external component m a first direction, bt prevents or locks against retraction.

United States Patent Application 2000/0100422 to Del Rio, et al. discloses suture tving m
a medical procedwre including the use of an anchor that includes a sutwe Jocking device. The
device includes a shiding pin guided by axial side slots formed in the locking device that forces the
suture where the two ends thereof are mserted inlo the mientor of the suture locking mechanism o
drive the captured sufire and pin to fit info a recess on the top of the suture focking mechanism
such that the top of the pin binds the suture against the upper mner surface of the recess. The
recess can be serrated to enhance the locking capability and the pin is polvgonal shaped {o provide
side surfaces that run parallel to the wali of the recess 10 assure that the side portion of the pin does
not fractore the suture and cause it to weaken. The locking of the sutwe is automatic upon the
deplovment of the anchor which actuates the pin into the locking position, thus eliminating the
necessity of manually knotting the suture and improving the ¢inching of the tissue {o the bone. The
sudure focking mechanism 1y usable for attaching tissue to the bone. fving Ussus 1o tissue and the
fike. The disclosure also includes the methed of deploving the combined anchor and suture
tocking device in a medical procedure.

United States Patent Application 2007013651 1o Guan, ef al. discloses an expanding plug
for tendon fixation featuring a two-~part system v which an expansion pm fis mside a lixation
sleeve. The fination sleeve is configured to expand diametrically to achieve mterference fixation of
a graft tendon inside of a bone tunel Fixation sleeve expansion is wrged bv a two-step
engagement of the expansion pin. The tendon grafl 13 assembled to the expanding bolt and situated
within a bone tonnel. Passing suture is used 1o pull a joint-line end of the expansion pin into the
tunnel o partially expand the fixation sleeve at the jomtline end Pulling a grafl end of the

expansion pin toward the joint line expands the fixation slesve to place the expanding plug in the
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fully deployed configuration.

United States Paient Application 2007/028375 to Hindrichs, et al. discloses an implamt
structure for vse in pulting two soft body tissue areas closer together in o patient (e.g., two pomnts
along or adjacent to the patient's mitral valve anmulus) nchuding at least two tissue anchor
structures that are respectively implantable tnto the two tissue areas. A tether structore hnks the
two tissue anchors and can be shortened and held e that condition by a cinch structure. Bracing
structures are usad between the anchors and the tether to help keep the longiudmal axes of the
anchors trangverse to the tether axis even when the tether s under tension. The tether may be
sheathad in a cushioning sieeve 1o help protect adiacent tissue from erosion by the tether,

Uhnited States Patent Application 20080082113 fo Bishop, et al. discloses embodiments of
apparatus and methods for tssue hfting, or for correcting a plosis condition caused by Hssue
stretching. In some embodiments a fssue is supported by a support member. In some
embodiments, tension 1s applied to a sapport member through at least one suspension member.
The described ensbodiments provide examyples of methods and apparatus effective for use in lifting
or otherwise applving fension to varnous Gissues. including tissues of the breast, butiock, thigh,
arm, abdomen, neck and face.

United States Patent Application 2008/0234731 to Leung, ot al. discloses a suture anchor
for approximating fissue to bone or other tissue. The suture anchor comprises an anchor member
o fixedly engage the bone for secuning the anchor member refative o the bone. A plurality of
sutures are mounted to the proximal end of the anchor member so that the sutures exiend
outwardly {rom the anchor member. Each sulure bas a sharp pomted distal end for penetrating the
tissue and a plurality of barbs extending from the peniphery and disposed along the length of the
body of the suture. The barbs permut movement of the sutures through the Gissus in a divection of
nmovermnent of the pointed end and prevent movement of the sutures relative to the tissue in a
direction opposite the direction of mevement of the pointed end. At east one pointed distal end of
at {east one sulire comprises a needle.

United States Patent Application 20090248071 o Saint, o al. discloses methods and
apparatus for use in supporing tssue in a patient’s body. In some embodiments, the patient’s breast
15 supported. In some embodiments, the methods provide wavs of supporting and adjusting tssue,
and the apparatus inclodes components and embodiments for supporting and adjusiing the tissue.
Some embodiments include a supporting device, having a (irst portion, a second portion, and a
support member positioned between the first porlion and second portion. Some embodiments

melnde advancing the first portion of the supporting device mio the body to a first location in the
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body; advancing the second portion of the supporting device into the body 1o a second location in
the body: securing the first portion of the supporting device at the first location; and shufting soft
tissue in the body with the support member,

United States Patent Application 2009/0287227 to Newell, eof al. disdloses methods,
svsters, devices and assemblies for treating a patient by: making an incision or puncture though
the patient’s skin over the abdominal cavity. An imbal tract is established through an opening
formed by the incision or puncture. An mstrument i3 advanced through the fract; contacting a
distal end povtion of the instrument against an tnner swrface of the abdominal cavity, and driving at
lsast one stitching needle $wough the mner surface of the abdonunal cavity. The driving s
continued until the at least one stitching needle exits the mner surface of the abdominal cavity. A
suture anchor is carried by each of the at least one stitching needle to a suture anchor at an exit
location, respectively. Tenston is applied 1o each of the sutures.

United States Patent Apphcation 2010/0101526 o Bennelt discloses a surgical suture
svstem, suture, and tissue engaging member for Gssue repair and reattachment of forn fissue to a
issue subsirate. medical prosthests or medical implant. The system mcludes the clongated flexible
suture member having a phwality of longiudmatly spacad protuberances along a fength thereof
and one or a plurality of the tissue engaging members each of whach mchude two closely spaced
apart locking apertwes sized and configured 1o receive one of the sutwre members passed
therethrough or a unique stngle locking aperture fo allow longitudinal tensioning and/or restrainimg
movement of the suture member in only one direction through the locking apertures for suture
member tightening.

United States Patent Application 2010160963 to Fallin, et al. discloses a systems for
attaching soft fissue to bone including an anchor, a suture, and a fissue retamer. The anchor may
have a threaded tip that engages the bone. and a sutwre retention portion with passageways
arranged such that each of first and second anchor portions of the suture can be dravwn through the
passagewavs along onlv a single direction. The fissue retainer has passagewavs through which the
suture can freely move in erther direction. Thus, the anchor and the tissoe retatner may be atfached
to bone and tissue, respectively, and the satuwre may be drawn 1o sobstantially nreversibly draw the
bong and tissue together. In altemative embodiments, an anchor may receive only ong portion of
suture andfor one suture end may be affived to the anchor. The anchor may altematively perout
free motion of the suture, while the issue retainer permits passage of the suture along only one
direction.

United States Patent Applcation 2012/0101524 1o Bennett discloses a surgical subure
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svstern for tssue repair and reattachiment of tom tssue o a tissue substrate, medical prosthesis or
medical implant. The svstem includes an elongated flexible soture member having a plurality of
fongitudinally spaced protuberances along a length thereof and a plurality of tissue engaging
members each inchading two spaced apart locking apertures sived to receive the suhiwe member
passed therethrongh fo allow longitudinal movement of the suture member in only one direction
through the focking apertures for suture member ightening,

United States Patent Application 2013/0090686 to Covidien discloses barbed surgical
sutures are provided winch include an elongated body and a plurabity of barbs exiending
thereftom, A bioactive agent is disposed within barh angles formed between the barbs and the
glongated body. The barbs may be made from a shape memory polvmer having a permanent
shape which mav be deformed {0 a temporary shape, such that barbs of the sutwre extend at
different barb angles in the different shape configurations. The barl angles of the permanant shape
may be greater than the barb angles of the temporary shape, thereby exposing and/or releasing a
hioactive agent after placement in tissue.

Although the forpmng prior art has conintbuted fo the surgical art, none of these have
provided a new system for securing sutures to a tissae or a bone suitable for use n general as well
as arthroscopic, endoscopic, laparoscopic or minmmally mvasive surgerny,

Therefore, it s an object of the nvention to provide an improved hand tool comprising a
rotation driver for rotationally mserting a screw within a bone.

Another object of this imvemtion is to provide a novel screw suitable for we with the
rotation driver for completely embedding the screw into the bone while permiting a sutwre to be
threaded through a transverse aperture in the screw.

Another object of this invention is {o provide a rolation drver for facilitating the insertion
and engagernent of a capture with one of a senes of protuberance formed along a length of a
sutuse.

Another object of this invention 15 to provide a method for forming & senies of
protuberance along a length of a suture.

The foregoing bas outlined some of the more pertinent objecis of the present invention
These objects should be construed as being merely flustrative of some of the more prominent
featiwes and applications of the invention. Manv other beneficial results can be obtained by
modifving the invertion within the scope of the mvention.  Accordingly othier objects n a full
understanding of the mvention may be had by refeming o the sumumary of the invention, the

detatted deseription describing the preferred embodiment in addiion {0 the scope of the mvention
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defined by the clanms taken in conjunchion with accompanying drawings.

SUMMARY OF THE INVENTION

The present invention is defined by the appended claims with specific embeodiments betng
shown mn the attached drawings. For the purpose of summarizing the invention, the frst
embodiment of the invention relates to an improved hand tool for rotationally inserting a screw
within a bone. The hand tool compnises a rotational driver having a handle supporting a shaft
extending from a proximal end to a distal end. A socket is defined in the distal end of the shaft for
recetving a head of the screw for rotationally inserting the sorew within the bone. A firstand o
second slot is located in the socket defimng a first and a second cutting edge for cutting the bone
upon rotation of the rolational drver {o simulianeousty msert the screw and countersink the head
of the screw within the bong and also allow suture from as receiving screw (o pass out from screw
and along drrver shafl without engaging sharp countersinking edges of driver,

A second embodiment of the invention relates (o an improved fastener for insertion mto a
hving tissue by g rotational driver. The fastener comprises a screw body extending between a
serew Up and a screw head. The screw head defines a socket shape 1 an outer pariphery of the
screw head for enabling the rotational dvver to rotationally insert the screw beody into the ving
tissue. A transverse aperiure extends through the screw body below the screw head. A fistand a
second channel is defined m opposed sides of the screw head and comnmnicates with the
fransverse aperture for enabling a suture to extend through the fivst and second channels and the
transverse aperfure while the screw body is inserted into the bving tissue by the rotational driver,
The first and second channels and the transverse aperture are dimensioned for enabling the suture
i be moved through the first and second channels and the transverse aperiure when the screw
hody is totally embedded into the living tssue and allows for the shutthing of a sutwre through the
embedded serew.

A third embodiment of the invention relates to a method of securing a tissue 10 8 bone with
asuture. The suture has a sertes of protuberances spaced apart along a length thereot. The method
comprizes the steps of rotating a driver for driving a screw into the bone with the suture extending
through the transverse aperture in the screw. A first end of the suture 1 passed through a central
aperture m the driver and is threaded through a central aperture 11 a capture.  The capture is
pushed with the driver along the suture to lockingly engage the capture with one of the sertes of
protuberances for securing the first end of the suture. A second end of the sutwre 15 secured for

securing the tissue to the bone.
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A fourth embodiment of the invention relates 10 a method for forming a protuberance on a
suture comprising the steps of placing a sutre to extend through a mold cavity.,  An adhesive 18
inserted into the mold cavity. The adbesive s permitied to cure in the mold. The suture and the
adhered protuberance is removed from the mold  Preferably, sach of the mold cavities has a
teading edpe shape defined for Cooperation with the emrance aperture contour of the capture and a
traiting edge shape defined for cooperation with the reverse aperture contour of the capture. Other
methods mclude a process that requires the application of a melted sebstance-requiring substantial
temperatures o place material onto a suture wiich can damage the suture itself, this technique
inciudes the application of an adbesive that sets at ambient temperature or some other method that
do not affect the suture.

The foregoing has outlined rather broadly the more pertinent and important features of the
present invention in order that the detalad description that follows may be better understood so
that the present contribution to the art can be more fully appreciated.  Additional featares of the
myetion will be described hereinafter which form the subject matier of the myvention. It should
be appreciaied by those skilled in the art that the conception and the specific embodiments
disclosed may be readily wtilized as a basis for modifving or designing other stractares for
carrving out the same purposes of the present mvention, It should also be realized by those skilled
i the art that such equivalent constructions do not depart from the spurit and scope of the

mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the nature and objects of the invention, reference should be
made to the [ollowing detatled description taken in connection with the accompanying drawings m
which;

FIG. 1 is a top isometric view of a rotational driver and a screw incorporating the present
HIVenton;

FiG. 2 15 a bottom sometric view of FIG. 1;

FIG. 3 is a top view of the rotational dnver and screw of FIGS. 1 and 2;

FIG. 4 is aside view of FIG. 3;

FIG. 515 an enlarged view along line 5-3 n FIG. 4;

FIG. 6 1s an enlarged view of a portion of FIG. &

FIG. 7 1s an enlarged sectional view glong hine 7-7 in FIG. 4

L
bec

FIG. 8 is a top view simular to FIG. 3 illustrating the rotational diver;
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FIG. 915 an enlarged view along line 99 in FIG. 8:
FIG. 1 is asectional view along hine {0-10 m FIG. §;
EA

=

FIG. 1115 asectional view along line 11-11 in FIG.
FIG 12 s an enlarged side view of the umproved fastener of the present invention shown
5 mFIGS |I.7;

FIG. 1315 atop view of the screw of FIG: 12;

FIG. 14 iz a lefl end view of the screw of FIG. 12 illusirating the tip of the screw:;

FIG. 15 is a right end view of the screw of FIG. 12 dlustrating the head of the screw,

FEG. 16 illustrates a first slep in securing a tissue 1o a bone including rotating the rotational

10 drver with a sutwee for inserting a first screw with a suture into the bone and for cutting the bone
to cownttersink the head of the screw;

FIG. 17 i3 an enlarged view of the distal end of the rotational duiver of FIG. 16 iHustrating
the cutting the bone to countersink the head of the first screw and then appheation of the capture
so that the capture sits flush with the bone surface;

15 FIG. 1815 & view similar to FIG. 17 dlostrating the free movement of the suture through a
transverse aperture when the fisst serew is completely ambeddad mto the bone:

FIG. 1915 atop view of FIG. 18,

FIG. 20 iHustrates the step of passing g fivst end of the suture through a resihient loop of a
capture magazine for threading the first end of the suture through a captiwe aperfuve of a first

20 caplure;

FIG. 21 illustrates the capture aperture of the first capture being moved along the suture;

FIG. 22 iHustrates the step of passing the first end of the suture through a central aperture
in the drjver;

FiG. 23 illustrates the step of pushing the capture with the driver along the suture to

25 lockingly engage the capture with one of the series of protuberances for securing the first end of
the suture;

FiG. 2415 an enfarged view of a portion of FIG. 23,

FIG. 25 illestrates the step of inserting a second screw and a suture shatile into the bone
and for cutting the bone 1o countersink the head of the second screw;

30 FIG. 26 illustrates the step of inserting a second end of the sutwe mto the toop of the
suture shuttle;

FIG. 27 15 an enlarged view of FIG. 26 dlostraling the [ree movement of the suture shutile

through a transverse aperture when the second screw 13 completely embedded into the bone;
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FIG. 28 iflustrates the step of threading the second end of the soture through a trangverse
aperture of the second scraw;

FIG. 29 illustrates the second end of the suture threaded through the trangverse aperture of
the second screw:

FIG. 30 is an enlarged view of a portion of FIG. 29;

FIG. 31 illustrates the step of passing the second end of the suture through the resilient
foop of the capture magazine for threading the second end of the suture through a capture aperture
of a second capture;

FiG. 32 illustrates the step of passing the second end of the suture through a8 ceniral
aperture in the driver;

FIG. 33 illustrates the step of pushing the second capture with the dnver along the suture
0 lochingly engage the second capture with one of the series of protuberances for securing the
second end of the suture;

FIG. 34 iflustrates the second captwe lockingly engaged with one of the senes of
protuberances the suture;

FIG. 35 15 an enlarged view of a portion of FIG. 34 showing the capture fush i the bone:

FiG. 36 15 an isometnic view ol a first example of a suture having a series of protuberances
engaging with a capture aperture of a capture:

FIG. 37 is an isomettic view of a first step in a method for fornung a protuberance on a
suture Ulustrating placing a suture to extend through a mold cavity;

FIG. 38 15 an somedne view of a second step 10 the methed for forming the protuberance
on the sutwre ilusteating mseriing an adhesive mto the mold cavity;

FIG. 39 iz an isomednic view of a third step in the method for formung the protubsrance on
the suture llustrating removing the suture with the adhered protuberance from the mold;

FIG 40 15 an isometric view of a second example of a sulure having a series of
protuberances engaging with a capture aperture of a caplure,

FiG. 41 15 an sometrie view of a fist step in a method for forming a protuberance on a
suture Hlustrating placing a sutare mto a mold having a series of mold cavities with each of the
mold cavities having a leading edge and & traling edge contoured for a specific capture;

FIG. 42 15 anisometnie view of the siep of inserting an adhesive mito the mold;

FEG. 43 15 an sometric view of the step of removing the suture with the adhered
protuberance from the mold;

FIGS. 44-51 dlustrate variations within the lonwtudmal suture or suture redundancies
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which allow the adhesive 1o hold more securely to the suture sud prevent the protuberances from
shiching along the length of the suture during a tensile foad™
FIG. 4415 a sechonal view of a third example of a protuberance formed on a suture:
FIG. 43 is a sectional view of a fourth example of a protuberance formed on a sutwre;
FIG. 46 15 a sectional view of a fifth example of a protuberance formed on a suture;
FIG. 47 15 a sechonal view of a sixth example of a protuberance formed on a soture;
FIG. 48 15 g sectional view of a seventh example of a protuberance formed on a sature;
FIG. 49 is a sectional view of a cighth third example of a protuberance formed on a suture;
FiG. 30 1s a sectional view of a minth example of a protuberance formed on a suture;
FIG. 511s asectional view of a tenth example of a protuberance formed on a suture;
Sinmlar reference characters refer {0 similar parts throughowt the several Figures of the

drawings.

DETAILED DISCUSSION

FIGS. 1-7 are vanous views ol an apparatus § for securing a suture 14 1o hiving fissue 20
shown in FIGS 2133, In this example, the suture 10 has a fexible component 13 and a series of
protuberances 14 spaced apart and along a length of the Hexible component 13, The {lexable
component 13 mav be a monoflilament or may be a braded fexible component 13, The
protuberances 14 may be formed or molded along the length of the flexible component 13 or may
be knots Hed along the length of the flexible component 13

The apparatus 3 comprises an improved hand tool shown as a rolational dvver 35 having a
handle 40 supporting a shaft 60, The handle 40 includes a first and a second suture retainer 41 and
42 located on opposed sides of the handle 40, A first and a second jam cleat 43 and 44 cooperate
with the first and second suture retainers 41 and 42 for temporarily retaining at least one suture 10,
In this embodiment, the frst retainer 41 and frst jam cleat 43 retaing a first end 11 of the suture 10
whereas the second retainer 42 and the second jam cleat 44 temporarily retains a second end 12 of
he suture 10, A first and second pass through 46 and 47 are defined 1 the first and second sulure
retamers 41 and 42 for passing a sufure between opposed sides of the handle 100 As will be
described i greater detal heremafier, the suture 10 extends through a screw 100 for enabling the
rotational driver 35 fo rotationally insert a screw 100 into the living tissue 20 while the sutwe
extends through the screw 100

As best shown 1o FIG. 4, a caplure magasne 5O 1s located on the bandle 40 in proximity to

the juncture of the handle 40 and the shaft 60. In thus embodiment, the capture magazine 50 is
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shown storing captures 51-34 threaded onto a resibient wire loop 55 The resthent wire loop 55
extends through capture ortfices within each of the captures 31-34, As will be described in greater
detail here and afier, the resilient wire loop 55 facilitates threading of the suture 10 through the
capture orifice in the captuye 51

The shalt 60 extends from a proximal end 61 adjacent to the handie 42 a distal end 62, A
socket 64 is defined in the distal end 62 of the shafl 60 for recetving the screw 100, Preferably, the
serew 140 is retatned m the socket 64 by a fiictional fit between the socket 64 and the serew 100,
As will be lhustrated hereinafter, the socket 64 of the shaft 60 is configured for engaging with a
capture 31 for pushing a capture with the rotational deiver 35,

A first and a second slot 71 and 72 are located in the socket 64 at the distal end 62 of the
shaft 60. The suture 10 exiends from the screw 100 through the first and second slots 71 and 72 {0
the first and second suture retamners 41 and 42 for temporarily retaining the suture 16 with the
socket 64,

FIGS. &-11 are further views illustrating the rotational dover 35 of FIGS. 1-7. In this
example of the mvention, the socket 1s shown as g hexagonal socket for engaging with screw 100
The first and second slots 71 and 72 are located on opposad sides of the hexagonal sockst 64, The
edges of the first and second slots 71 and 72 are sharpened o form a first and a second cutiing
edge 81 and 82, The first and second cutting edges 81 and 82 ave able to cut through bone tissue
upon rotation of the rotational driver 35 while sumultanenusly msert the screw 100,

As best shown in FIGS. 10 and 11 a central orifice 9015 defined in the distal end 62 of the
shalt 60. The central orifice 90 extends from a socket end 91 to a shaft end 92 located at an outer
surface of the shall 60 defiing a tumnel 93 there betweenn. The tunnel 93 positions a suture 10
centrally i the distal end 62 of the shafl 60. The tunnel 93 enables the suture 10 1o be past
through a capture 51 and through the tunnel 93 for enabling the rotational driver 35 to push the
capture 31 along the suture 10,

FIGS. 12-15 are enfarged view ifustrating the screw 104 of the present invention. The
screw 100 comprises a screw body 102 having a helical screw thread shown as a canellous screw
thread 1. The screw body 102 extends between a screw tip 106 and a screw head 110 The
screw head 110 defines 2 socket shape in an outer periphery of the screw head 110 for enabling the
socket 64 of the rotational driver 33 to rotationally insert the screw 1K o the fiving tissue 20, In
this example, the screw head 110 15 shovn as having a cross-section of a regular polvgon and in
particular a regular hexagon,

A transverse aperture 115 extends through the screw body 102 of the screw 108, The
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transverse aperture 115 15 perpendicular o an axis of rotation {not shown) extending from the
serew fp 106 to the screw head 110, A first and a second channel 121 and 122 are recessed mio
the outer periphery of the screw head 110 and allow for the tnserbion of the screw without a suture
and by using a suture shudde allow for a suture to be threaded through the embedded scraw after
mplantation.  In this example, the first and second channels 121 and 122 are recessed bo
opposed sides of the reguar hexagon. The first and second channels 121 and 122 communicate
with the ransverse aperture 115 o form a screw pathway 123 for the suture 106, The first and
second channels 121 and 122 and the transverse aperture 113 of the screw pathway 125 are
dimensionad for enabling the suture 10 0 be easily moved and or threaded through the screw
pathrway 125 while the screw body 102 including the screw head 110 18 totally embedded o
Hving tssue 20,

1t should be appreciated by those skilled i the art that the screw 108 may take varnious
forms and shapes and still obtain the benefit of the present invention. For example the fength, sive
and shape of the screw body screw 102, the screw threads 104, {he screw tip 106 as well as the
screw head 110 mmy be varted depending upon the deswed medical treatment. Furthermore, the
serew pathway 125 comprising the first and second channels 121 and 122 and the transverse
aperture 113 may take several shapes and sizes for enabling the suture 10 to be easily moved and
or threaded through the screw pathway 123

A specilic sxample of the dimensions of the screw pathway 123 is shown in FIGS. 13 and
15 but should not be construed as being a limitation on the present mvention. The distance {1} is
shown between opposed sides of the regular hexagon of the serew head 110 s shown in FIG 15
Each of the firsi and second channels 121 and 122 has a recess depth [D/3] greater than one-third
the distance {D] batween opposed sides of the regular hexagon of the screw head 114 Each of'the
first and second channels 121 and 122 having a length greater than the distance [D{ between
opposed sides of the regular hesagon of the screw head 110,

Refeming back to FIGS. 1-7, the first and second slots 71 and 72 of the distal end 62 of the
shaft 60 are aligned with the first and second channels 121 and 12 of the screw head 113 The
suture 10 extends through the screw pathway 125 comprising transverse aperture 115 and the first

andd second channpels 121 and 122 of the screw 110 and into the first and second slots 71 and 72 of

the shaft 60. The socket 64 is able o engage the outer periphery 112 of the screw head 110 when

the suture 10 exiends through the first and second channels 121 and 122 of the screw 110,
Furthermore, the first and second channels 121 and 122 o the screw 106 permit the sutwre 1010

extend from the first and second slois 71 and 72 of the shafl through the first and second channals
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121 and 122 and the transverse apertare 113 of the screw 100 whiles the frst and second cutting
edges 81 and 82 cut the bone 21 1o courttersink the head 110 of the screw 110 within the bone 21,
FIG. 16 iltusirates a fivst step m securing soft ssue 22 {0 a bone 21 inclading rofating the

rotational driver 35 with the sature 10 for inserting the first screw 100A with the attached suture

i

10 mnto the bone 21 and for cutting the bone 21 to countersink the head 110 of the screw 100A,
FIG. 17 is an enlarged view of the distal end of the rotational driver 35 of FIG. 16
dlustrating the cutting the bone 21 to countersink the head 110 of the first screw 1004,
FIG. 18 is a view sirsilar to FIG. 17 illustrating the free movement of the suture 10 through
the transyverse aperture 113 when the first sorew 1OUA 1s completely embedded into the bong 21
10 FIG. 19 is a top view of FIG. 18 further ilustrating the free movement of the suture 10
through the transverse aperture 113,

FIG. 20 dlustrates the step of passing the first end 11 of the sutwre 10 through the resilient
foop 55 of a capture magazine 50 for threading the fust end 11 of the suture 10 through a capture
aperture 31X of a first capture 31, The suture 10 bends approximately ong hundred and eighty

15  degrees as the first capture 51 s removed from the resilient loop 33 to thread a loop of the suture
10 through the captuse aperture S1X of a fivet capture 51

F1G. 21 dlustrates the capture aperture 51X of the first capture 81 being moved along the
suture 14,

FIG. 22 dlustrates the step of passing the first end 11 of the suture 14 through the central

20 aperture 90 in the rotational driver 35

FIG. 23 illusirates the step of pushing the capture 31 with the rotational driver 33 along the
sutare 10 to lockingly engage the capture 51 with one of the senes of protuberances 14 for
securing the first end 11 of the suture 10,

FIG. 24 15 an enlarged view of a portion of FIG. 23 further illustrating the locking

25  engagement of the capture 51 with one of the protuberances 14 of the suture 10,

FIG. 25 illustrates the step of mserling a second screw 100B and a suture shuttfe 30 mio
ihe bone 21 and for catting the bone 21 o countersink the head 110 of the second screw 0B,

The suture shottle 30 extends between a first end 31 and a second end 32 and has aloop 33
tocated at the first end 31, Preferably, the suture shuitle 30 is treaded through the transverse

30 apertre 115 of the second screw 100B before the second screw 100B is inserted into the socket 64
of the rotational driver 33,
FIG. 26 tlustrates the step of inserting a second end 12 of the suture 14 mto the loop 33 of

the suture shuttle 30,
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FIG. 27 1 an enlarged view of FIG. 26 #Hostrating the free movement of the suture shuttle
30 through g transverse aperture 115 when the second serew 100B 13 completely embedded fio
the bone 21,

FIG. 28 illustrates the step of threading the second end 12 of the suhwre 10 through the
trangverse aperture 115 of the second screw 1008, As the suture shuttle 30 is pulled through the
transverse aperture 1135 of the second screw 100B, the foop 33 bends the suture 10 approximately
one hundrad and eighty degrees to fornt a doubled up suture loop that is threaded through the
transverse apertare 113 of the second screw 100B. The second channels 121 and 122 and the
fransverse aperture 113 are dimensioned for enabling the doubled up suture foop of the suture 10
10 be ensilv threaded through the second sorew 100B while the second screw 100B is totally
ambedded into the bone 21,

FIGS. 29 and 30 illusirates the second end 12 of the suture 1€ threaded through the
fransverse aperture 115 of the second screw 100B. The suture 10 15 free to move through the
second screw 100B while the second screw 100 is totally embedded into the bone 21 in oxder to
tighten the suture 10 to bring the soft tissue 22 info engagement with the bone 21,

FIG. 31 ilhustrates the step of passing the second end 12 of the suture 10 through the
resthent loop 33 of the capture magazine 30 for threading the second end 12 of the suture 10
through the capture aperture 52X of a second captue 52

FIG. 32 lustrates the step of passing the second end 12 of the sulure 10 through a ceriral
aperture 90 in the rotational driver 35 after the capture aperture 52X of the second capture 52 has
been moved along the suture 10

FIG. 33 dlustrates the step of pushing the second capture 52 with the rotational driver 33
along the subwre 10 fo lockingly engage the second capture 31 with one of the senes of
protuberances 14 for securing the second end 12 of the sutore 10,

FIGS. 34 and 35 tostrate the second capture 52 Tockingly engaced with one of the serfes
of protuberances 14 of the suture 10, The sutere 10 was free to move through the second screw
1008 while the second screw 1008 was otally embedded into the bone 21 n order to tighten the
suture 16} 1o bring the soft tissue 22 into engagement with the bone 21,

FIG. 36 is an wometric view of a first example of a suture 10A having a sentes of
protuberances 14A engaging with a capture aperture 56X of a capture 56, A full explanation of
the operation and benefit of ths captwe may be found wm PCT patent application
PCT/US2013/063277 which is incorporated by reference as if fully sel forth herem.

FIG. 37 is an sometric view of a first step in a method for forming a protuberance 14A on
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asuture 10A. The mold 130A compnises a first mold and a second mold 131A and 132A defining
a first and a second mold cavity 1334 and 134A. Feader tubes 135A communicate with the mold
cavity 135A for mtroducing an adhesive 137A one into the mold cavity 135A. A flexable suture
component 13A is placed into the mold cavities 133A and 134A to extend through the mold cavity
130A,

FIG. 38 is an isometric view of a second step n the method for forming the protuberance
A on the sutare 10A slustrating inserting an adhesive 137A into the mold cavities 133A and
134A through the feeder tobes 135A.

FiG. 39 is an isometric view of g third step in the method for forming the protuberance
14A on the sutwre 10A iHustrating removing the swture 10A with the adhered protuberance 14A
from the motd 130A. The protuberances 14A are formed entirely of the adhesive 137A,

FIG. 40 is an isometric vigw of a second example of a suture 10B having a series of
protuberances 14B engaging with a capture aperture 57X of a capture 37, In this example, each of
the protubgrances 4B has a leading edge 141B and a wailing edge 142B. In contrast to the
protuberances 14A shown m FIGS. 36-39, the leading edge 1418 15 not symnetncal with the
traifing edge 1428, The non-svmmetrical design of the protuberances 148 are specifically
designed to engage with the specific capture at aperture 37X of & capture 57,

FIG. 41 15 anisometric view of a first step in a method for forming a protuberance 148 op
asuture 108, The mald 130B comyprises a first mold and a second mold 1318 and 1328 defining
a first and a second mold cavity 133B and 1348

The first and second mold cavity 133B and 134B define a leading mold portion 1518 and
a traing mold portion 152B. The leading mold portion and trailing mold portion 1318 and 1528
correspomd o the lsading edge 141B and the tratling edge 1428 of the protuberances 14B. Feeder
tubes 1358 communicate with the mold cavity 130B for introducing s adhesive 1378 mto the
mold cavity 130B. A flexble suture component 13B 15 placed into the mold cavities 1338 and
134B to extend through the mold cavity 130B.

FiG. 42 1s ap ssometric view of a second step in the method for forming the protuberance
4B on the suture 10B lustrating inserting an adhesive 1378 into the mold cavities 133B and
1348 through the feeder tubes 1358,

FIG. 43 1% an sometric view of a third step in the method for formmy the protuberance
14B on the sutwre OB illustrating removing the suture 10B with the adhered protuberance 14B
from the mold 130B. The protuberances 148 are formed entirely of the adhesive 137B.

FIGS. 44-31 are sectional views of example of protuberances 14C-141 formed on a suture
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HC-10). Similar parts are labeled with sinular reference nomerals and added alphabetical
character. Each of the suture 10C-10) mnclude a flexible sufire component 13C-13] which is the
bent, shaped or tied o stabilize the protuberances 14C-14 formed solely from an adhesive 137,
The bend shape or knot of the flexible sulure component 13C-13] movides mechanical sirength
and prevent slippage of the protuberances 14C-144.

FIGS. 36-43 ifhustrate a specific molding process for formung the protuberances 14 on a
flexible suture component 13 for providing the suture 10 | should be understood that various
other molding processes and or techmgues may be utilized for forming the protuberances 14 on a
Aexible suture component 13. For example, various adbesives may be used as wall a3 various
wpes of molding techniques such as waffle stvle and clam shell molds made of metal PTFE, or
TEFLON as well ax 3-D printing and the hike.

The present disclosure mcludes that contained m the appended claims as wall as that of the
foregomg description.  Although this invention has been descnbed n its preferred form with a
certain degree of particularity, 1t is understood that the present disclosure of the preferred form has
been made only by way of example aud that nomerous changes i the details of construction and
the combination and arrangement of parts may be resorted to without departing from the spirit and

scope of the nvention,
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An improved hand tool for rotationally inserting a serew within a bone, comprising:

a rotational dnver having a handle supporting a shaft extending from a proximal end o a
distal end:

a sockat defined in sad distal end of said shaft for recaiving a head of the screw for
rotationally inserting the screw wittun the bone; and

a first and a second slot is located in said socket defining a first and a second cutting edge
for cutting the bone upon rotation of said rotational drver to simultaneously insert

the screw and cowstersink the head of the sorew within the bone.

An improved hand tool for rotationally inserting a screw within a bone as set forth in clamm
1, mcluding a suture retainer located on said handle for removeably retaining at least one

suture,

An improved hand tool for rotationally inserting a screw withun a bone gs set forth i claim

1, includmyg a suture retainer tocated on said handle for removeably retaimng a sutore; and

said first and a second slot cooperating with saud suture refainer for enabling a suture o
extend from sutore retaimer through said first and second slots and a transverse

aperture 1 amd serew.

An improved hand ool for rofationally inserting a screw within a bone as set forth i claim

1, wherein the screw head has a oross-section of a hexagon with a first and a second

channel recessed in opposed sides of the screw head and communicating with a trangverse

aperture extending through the screw;

satd first and second slots of said distal end of smd shatt being aligned with the first and
second channels of the screw head: and

said sockel comprising a hexagon for engaging an outer periphery of the screw head
enabling a sufure fo extend through the first and second channels between the
screw head and satd socket of said shaft and through the transverse aperture of the
SCrew,

An improved hand tool for rotationally inserfing a screw within a bone as set forth m claim
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i, wherein the serew hag a first and a second channel defined n a head of the screw

commanicating with a trangverse aperture extending through the screw: and

said first and second slots of said distal end of sad shaft being aligned with the first and
second channels defined in the head of the screw {or penmilting 8 suture 1o extend
through the first and second channels and the transverse aperture of the screw
when said first and second cutting edges countersink the head of the screw within

the bone.

An improved hand ool for rotationally nserting a sorew within a bone as set forth in claim

1, including a capiure magazine located on said handle for removeably retaining a capture.

An mmproved hand ool for rotationally inserting a screw within a bone as sat forth i claim
1, mcluding a capture magavine comprising a resthent wire loop for removeably refaining
a capture; and

smid resilient wire loop penniiting a suture {o be inserted into said resilient wire loop for

threading into said capture.

An improved hand tool for rotationally inserting a screw within a bone as set forth i claim

1, mcluding a capture magazing comprising a resthent wire loop extending from sad

handle;

said restlient wire loop extending through a captare aperture in said caplure for
rentoveably retaning said capture on the improved hand tool; and

sad resilient wire loop permiting a suliwe 1o be mserted into said resthent wive loop for

threading said suture into said capture apertore of said capture.

An improved hand ool for rotationally inserting a screw within a bone as set forth m clasn
1, ncluding a central onifice extending axially through said shaft and communmcating with
an outer surface of said shall for positioning a suture centrally in said distal end of said
shaft:

sard sulure extending through a ceniral aperture of a captwre; and

sard distal end of sad shaft configured for pushig said capture along said suture at said

distal end of said shall.
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An improved hand tool for rotationally inserting a screw within a bone, the screw having a
first and a second channel defined in a head of the screw communicating witls a transverse
aperture extending through the screw, comprising:

a rolational driver having a handle supporting a shaft extending from a proximal end to a
chstal end;

a socket defined in sad distal end of swd shaft for receiving a head of the screw for
engaging with an ower periphery of said screw head for rotationally inserting the
screw withan the bone; and

a fisvd and a second stot defined in said socket of said distal end of said shafy;

a first and a second cutting edge defined by an edge of sald first and second slots for
cuiting the bone vpon rotation of said rotational driver; and

said first andd a second siot extending from smd distal end of said shatt bemng aligned with
the first and second channels defined in the head of the screw for permitting a
sufre o extend from said first and second slots through the first and second
channels and the transverse aperture of said screw while said first and second

cutling adges cut the bone to countersink the head of the screw within the bone.

An iyproved fastener for inserfion into a living tissue by a rotationat driver, comprising

a screw body extending belwean a screw #p and a screw head,

a heheal screw thread extending from said screw tip toward said screw head;

said screw head defimng a socket shape in an owuter periphery of said screw head for
enabling the rotational ditver o rotattonally msert said serew body into fhe living
tissue:

atransverse aperture extending through said screw body below sad screw head;

a first and a second channel defined in opposed sides of said screw head and
conumuucating with said transverse aperture for enabling a8 sulure o extend
through said fivst and second chanpels and said transverse aperture while the screw
bodv is inserted into the living tissue by said rotational driver; and

said first and second channels and said transverse aperture being dimensioned for enabling
the suture 10 be moved through said first and second channels and said transverse

aperture when said screw body s totally embedded nto the Bving tissue.

An mproved fastener for insertion into 3 living tissue as set forth in clam 1, wherein said
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screw head has a cross-section of a polygon.

An improved fastener for ingertion into a living tissue as set Torth in claim 11, wherein said
sorew head has a cross-section of a regular polveon; and

said first and second channels being recessed info opposed sides of said regular polvgon.

An improved fastener for insertion into a hiving fissue as set forth in claim 11, wherein said
serew head has a cross-section of a regolar hexagon; and

said first and second channels being recessed mito opposed sides of said regular hexagon,

An umproved fasteney for nzertion il a living fissue as set forth in clasm 11, wherem said

screw head has a cross-section of a regular hexagon,

sard first and second channels being recessed into opposed sides of said regular hexagon:
and

each of sad first and second channels having a recess depth greater than one-flurd the

distance between opposed sides of the regular hexagon.

An improved fastener for insertion into a living tissue as set forth in claim 11, wherem said

screw liead has a screw head has a cross-section of a regudar hexagon;

satd frst and second channels being recessed nto opposed sides of said regutar hexagon;

each of sard first and second channels having a recess depth greater than one-third the
distance between opposed sides of the regular hexagon; and

gach of said first and second channels having a length three fimes greater than sard recess

depth of each of said first and second channels.

An improved fastener for msertion nto a living issue as set forth in claim 11, wherein saad

screw head bas a cross-section ol a regular hexagon;

sasd first and second channels being recessed nto opposed sides of said regular hexagon;
and

each of said first and second channels having a recess depth greater than one-third the
distance between opposed sides of the regular hexagon for enabling the suture to
be threaded through said first and second channels and said fransverse apertore

when said screw body 15 totally embeidded iito the fiving tissue.
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An mnproved fastener for insertion mio a Hving ssue as set forth in claim 11, wherem the

rotational driver comprises a hexagonal socket:

said sorew head defining 2 hexagon ower periphery of said sorew head for enabling the
hexagonal socket of the rotational driver to rotationally insert said screw body o
the fiving tssue: and

sard first and second chamnels enabling a sutuwre to pass through sad first and second

channels between said screw head and the hexagonal socket of the rotational

driver.
An improved fastener for insertion info a living tissue by a rotational driver, comprizing

a screw body extending belwean a screw #p and a screw head,

a heheal serew thread extending from said screw tip toward said screw head:

said screw head having an outer peripherv of sard screw head defining a regular hexagon
cross-section for enabling the hesagon rotational driver to rolaonally insert said
screw body 1nto the living tissue;

a transverse aperture extending through said screw body below said screw head;

a first and a second channel being recessed ndo opposed sides of said regolar hexagon
screw head and communicating with said transverse aperture for enabling a sulwve
to be threaded through said first and second channels and said transverse apertwre
by a flexible loop while the screw body is lotally ambedded into the Hving Hssue

by said rotational driver;

An mproved fastener for msertion mto a hving tissoe as set forth i claim 17, wherein
each of sard first and second channels having a recess depth greater than one-third the

distance between opposed sides of the regular hexagon.

A method of securing a fissue to a bone with a suture, the suture having a senies of

protuberances spaced apart along a length thereot, comprising the steps off

rotating a driver for driving a screw into the bone with the sutwre extending through the
transverse aparture in the screw;

passing the first end of the suture through a central aperture w the duiver;

threading the first end of the swure througl 3 central aperture in a capture;
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pushing the capture with the driver along the suture to lockingly engage the capture with
one of the senies of protuberances for securing the first end of the suture; and

secaring a second end of said suture for securing the tissue to the bone

A method of securing a tissue 10 a bone with a suture as set forth in claim 21, including the

step of passing the suture through the tissue;

A miethod of securing a tissue 10 a bone with a suture as set forth i claim 21, wherein the
step of rotating a dviver for driving a sorew 1nio the bone includes cuting the bone with the
driver to coumtersink the screw within the bone o completely embed the screw into the

bone,

A method of securing a tissue 1o a bone with a suture as set forth i claim 21, wherein the

step of securing the second end of said suture includes the step of

rotatng a driver for dnving 2 second screw into the bone with the suture loop through the
transverse aperture in the second scraw;

threading the second end of the suture through suture loop;

pulling the suture loop for threading the second end of the sutwre through the transverse
aperture in the second screw;

threading the second end of the suture through a central aperture in a second capluwre;

pushing the second capture with the dnver along the suture to tockingly engage the second
capture with one of the sertes of protuberances for securing the second end of the

sutare for securing the tissue 1o the bone.

A method for forming a protuberance on a suture, comprising the steps of]
placing a suture to extend through a mold cavity,

inserting an adhestve mto the  mold cavity at an ambient temperature;
permitting the adhesive to cure in the mold at an ambient temperature;

removing the suture with the adhered protuberance from the mold.

A methed for forming a protuberance on a suture, as set forth in clatm 25, wherein the step
of placing a suture o extend through a mold cavity includes placing a braided suture to

extend through a mold cavity.
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A method for forming a protuberance on a suture, as set forth in claim 23, including the
step of creating a loop in the suture: and
placing the suture (o extend through a mold cavity with the loop located within the mold

cavity.

A method for formmg a protuberance on a suture, as set forth in clainy 23, mehuding the
step of tving a knot in the sutare; and
placing the suiure to extend through a mold cavity with the koot located within the mold

cavity.

A method for forming a protuberance on a sutura for engaging with a capture having a

capture aperture defiming an entrance aperfwre contour and a reverse aperture Contowr,

comprising the steps of;

providing a mold having a series of mold caviies with each of the mold cavities having:

a feading edge shape defined for cooperation with the entrance apertwre contour of the
capture; and

a trailing edge shape defined for cooperation with the reverse aperture contour of the
caplureg;

placing a suture 1o extend through the series of mold cavities:

mserling an adhesive nto the  mold:

permutting the adhesive 1o cure in the mold cavities;

removing the suture with the adhered protuberance from the mold cavities



